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Introduction 
Nitrogen fertilizer recommendations for corn production in Iowa have been 
based on yield expectations and adjustments for estimated amounts of N supplied 
by animal manures or previous legume crops. These recommendations include 
adjustments for three groups of soil associations, which generally reflect different 
parts of the state. However, the recommendations have no provisions for adjusting 
rates of N fertilizer application for weather conditions, management practices, or 
different soil types within the three groups of soil associations .. This situation exists 
because there has been a lack of suitable methods for making N fertilJzer 
recommendations that are site specific (i.e. adjusted for a specific soil type within a 
field within a year). 
Recent research at Iowa State University! has identified new soil and tissue 
tests that offer promise for making site-specific recommendations for N fertilizer. 
Thes tests are new, and they are being improved as additional data are collected 
and analyzed. These new tests should not be regarded as the solution to all 
problems related to making N fertilizer recommendations. However, there is strong 
evidence that these tests will enable many corn producers to increase the 
profitability of corn production and decrease environmental problems associated 
with the use of N fertilizers. 
The Late-Spring son test for N avallablllty 
Soil testing provides a basis for making site-specific fertilizer 
recommendations. It is used throughout the world to manage soil acidity and the 
availability of potassium and phosphorus in soils. Soil testing frequently is used to 
manage N for crops grown in regions that receive less rainfall than Iowa, but it has 
not been an accepted practice in most of the Com Belt. The major reason is lack of 
a soil test for available N that shows good correlations with corn yields. It has been 
tacitly accepted that this lack of correlation is inevitable because nitrate, the most 
abundant form of available N in most soils, often is lost from soils by denitrification 
or leaching during spring rainfall events. Therefore, the nitrate present at the time 
of sampling may not be in the soil when needed for crop growth. 
Recent research has identifled a soil test that has great potential for 
improving N management in Iowa (Magdoffet al .• 1984; Blackmer et al., 1989). 
This soil test is based on nitrate concentrations in the surface 12- inch layer of soil 
when com plants are 6 to 12 inches tall. This time of sampling represents a 
compromise between the need to sample late enough to reflect the effects of spring 
weather conditions on the availability of N and early enough to add more N if 
needed. Field studies at numerous locations over several years in Iowa indicate 
good correlations between soil test Nand grain yteids (Fig. 1). Statistical analyses 
show that responses to additional N should not be expected when soil nitrate-N 
concentrations are 21 ppm or greater. 
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The late-spring soil test reflects nitrate formed by mineralization of soil 
organic matter, animal manures, or plant residues, as well as nitrate derived from 
fertilizer applied preplant or in previous seasons. It also reflects losses of nitrate 
that occurred before the test was taken. When used to indicate N needs for 
sidedressing. this test removes much of the guesswork involved in making N 
fertilizer recommendations because it enables adjustments for spring weather 
conditions. The test also can be used to evaluate preplant N fertilization practices 
and obtain feedback that can be used to adjust these practices in subsequent 
years. 
The late-spring soil test still has some important 11mitations. The first is 
that this test is not recommended where anhydrous ammonia or animal manures 
have been injected into the soil for the current crop. The reasons are lack of data 
for evaluating the test under these conditions and concern that special soil 
sampling procedures may be needed where high concentrations of N are localized in 
bands. This llmitation currently is being addressed and it is expected that it will be 
removed within the next year or two. 
The second major 11mitation relates to the short period of time available for 
sample collection, analysis, and sidedressing. Experience has shown that soil 
testing laboratories can analyze soil samples and get the results back to the 
producer rapidly enough for effective use of this test. However, there is concern 
that the laboratories may not be able to handle the large numbers of samples that 
would be generated by widespread use of this test. This problem has been solved 
by the development of a simple kit that producers can use for on-farm analyses 
. (Morris and Blackmer, 1988). This kit has been tested by numerous com 
producers during the past two years, and it should be commercially available for 
use in the spring of 1990. 
The Early-Spring soU test for N availability 
The success of the late-spring soil test has prompted questions regarding 
the potential of testing soils for nitrate earlier in the spring. If the results were 
reliable, then this earlier testing could be used by growers who wish to apply their 
N before planting. 
The potential of an early-spring soil test was evaluated by taking soil 
samples in early spring (le .• between thawing of soils and planting) and analyzing 
these samples for nitrate (Binford et al., 1989). The study involved sampling plots 
under com after com (25 site-years). com after soybean (18 site-years). and com 
after alfalfa (20 site-years) in 1987. 1988. and 1989. All site-years planted to com 
after com included plots having 0, 100, and 200 lb fertilizer N/acre applied in the 
preceding year. The results showed that nitrate concentrations in early spring were 
not reliable predictors of nitrate concentrations in late spring. The major reason for 
this lack of reliability is that nitrate concentrations often increased substantially 
during the spring when early-spring nitrate concentrations were low (below 21 ppm 
N). Therefore, low concentrations of nitrate in early spring do not necessarily 
indicate that N fertilizer is needed. 
However, high concentrations of nitrate in early spring can be used to show 
that additional N is not needed. Overall. the results suggest that a two-stage soil 
test seems feasible in situations where significant carryover of soil nitrate is 
expected. The early-spring test can be used to identify situations in which great 
carryover of N makes preplant fertilization unnecessary. However, it must be 
followed by a late-spring test when early-spring nitrate concentrations are low or 
when significant amounts of rainfall occur during the spring. 
Tissue tests 
Tissue tests often are used to evaluate the nutrient status of crops. The 
basic premise of such tests is that the concentration of a nutrient in a plant reflects 
the sufficiency of that nutrient for plant growth. Deficiencies are indicated by 
relatively low tissue concentrations and excesses by relatively high tissue 
concentrations of the nutrient. The concentration that occurs when plants have 
only enough available nutrient to produce optimal growth is called the critical 
concentration of nutrient in a tissue. The utUity of tissue testing is that, once a 
tissue test has been calibrated, it can be used to assess the nutrient status of 
plants anywhere. 
The problem with the tissue tests that have been available to com 
producers is that these tests are not sensitive indicators of nutrient status for 
conditions of greatest interest today. The most commonly used tissue tests to 
evaluate the N status of com have been the N concentration in the leaf opposite and 
below the plimary ear at silking and the N concentration in the grain at harvest. 
The results of ~enstve evaluations (Cerrato, 1989) of the sensitivity of these tissue 
tests (Table 1) indicate that the tests could explain only a small percentage of the 
observed variability in yields. For example, leaf analysis explained only 16% of the 
variability in yields at rates of fertilization that ranged from 90 lb N I acre below to 
90 lb N/acre above economic optimum. The evaluations also revealed that these 
tests could not distinguish com plants grown with near-optimal amounts of N from 
those grown with large excesses of N. Moreover, the critical concentrations of N 
most often cited from previous studies were attained only when excessive amounts 
of N were applied. These findings suggest that these tissue tests are not reliable 
indicators of N status in high-fertility soUs and that use of these tests probably 
encourages the application of excess N. 
Binford et al. (1990) developed a tissue test that can be used to characterize 
the degree of N excess during com production. This test involves determination of 
nitrate concentrations in the lower portion of cornstalks shortly after physiological 
maturity. The rationale for the test is that nitrate is depleted from the cornstalk 
during grain filling when N is deficient, but that stalk nitrate concentration is 
proportional to the availability of N in the soil when N is present in excess of plant 
needs. 
Statistical analyses that combine data from many sites showed a sharp · 
break between stalk nitrate concentrations that were associated with low yields and 
those that were associated with near-maximum or maximum yields (Fig. 2). The 
sharp break occurred at about 0.25 g nitrate-N/kg stalk. Calculations showed 
that the economic optimum rate of fertilization corresponded to 1.80 g nltrate-N/kg 
stalk. Binford et al. ( 1990) suggested that the range between these concentrations 
should be considered a general optimal range and that more specific decisions 
concerning optimal rates of fertilization must be made on a site-by-site basis. 
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The end-of-season stalk nitrate test provides a new basis for evaluating 
tradeoffs between the profitability of com production and the potential for 
environmental problems associated with the use of N fertilizers. Calculations 
presented by Binford et al. (1990) showed that .a statistically significant increase in 
grain yield was detectable between the lower and upper ends of the general optimal 
range of stalk nitrate concentrations. Moreover, the calculations indicated that 
additions of N within this range provided a small amount of profit for the producer. 
However, the yield increase amounted to only 5.5% and the rate of fertilization had 
to increase from 89 to 161lb N/acre to obtain this increase. 
Amid mounting concerns about the effects of N fertilization on 
environmental quality and the high cost of government programs to control over-
production of com, there is good reason to question the wisdom of high rates of 
fertilization. Especially when used in combination with the spring soil tests for N, 
this tissue test should help com producers recognize fertilization practices that 
they believe to be optimal after all factors are considered. 
The need for using soU and tissue tests for N 
The conclusion that new soil and tissue tests offer great potential for 
increasing the profitability of com production is supported by evidence that many 
com producers are applying N fertilizer at rates exceeding those associated with 
greatest profit. This evidence includes data collected in surveys of the N status of 
cornfields in production agriculture. These surveys involved selecting fields 
randomly after emergence of the crop, performing the late-spring soil test, analyzing 
cornstalks at the end of the season, and measuring yields. 
· The first survey was conducted on 29 fields of com after alfalfa in Bremer, 
Fayette, and Clayton counties in 1987 (El-Hout and Blaclaner. 1990). This survey 
was restricted to com after alfalfa because alfalfa contributes substant ial amounts 
of N to the com crop that follows and because there was evidence that com 
producers were not glving adequate credit for this N when applying fertilizer. Grain 
yields ranged from 141 to 202 bu/acre and averaged 187 bu/acre. The late-spring 
soil test indicated that most of the fields had greater concentrations of nitrate than 
is required to attain maximum yields. Seventeen of the 29 fields had at least twice 
the critical concentration of nitrate, and 6 had at least three times this 
concentration. The end-of-season stalk test confirmed the excesses revealed by the 
late- spring soil test, and information provided by the farmers indicated that most 
did not give adequate credits for N supplied by the alfalfa. Yield measurements 
showed no tendency for yields to increase with N concentrations above the critical 
level. 
The second survey was conducted in 45 cornfields (selected without regard 
to previous crop) in Bremer and Clayton counties in 1988 (Morris and Blaclaner, 
1989). The results of the late-spring soil test showed that most fields sampled had 
greater concentrations of nitrate than required to attain maximum yields. Almost 
half of these fields had more than twice the critlcal concentration. Severe drought 
greatly reduced yields at most sites, and yield response measurements showed no 
tendency for yields to increase with N concentrations above the critical level. 
The third survey was conducted in 1989. It essentially was a repeat of the 
1988 survey, except that new fields were randomly selected. Although the results 
of this smvey have not been fully analyzed at the time of this writing, the results of 
the late-spring soil test generally showed higher concentrations of nitrate than were 
observed in 1988. This increase probably an be attributed to the low uptake ofN 
during the drougllt of 1988 and to extensive canyover of this N. 
Collectively, these surveys suggest that most of the corn producers 
surveyed could have increased their profits and decreased potential environmental 
problems if they had applied less fertilizer N. 
Changing concepts 
Information gathered by using the lafe-spring soil test. the end-of- season 
stalk test. and other methods during the past few years suggests that the amount of 
N supplied by the soil is much more variable than has been generally believed in 
the past. This means that the amount of N fertilizer needed for crop growth is 
much more variable than has been generally believed in the past. This means that 
use of soil and tissue tests to make site-specific recommendations for fertilizer N 
may be cost effective for corn producers. This means that providing site-specific 
recommendations may be cost effective for fertilizer dealers and others who make 
fertilizer recommendations. 
1 Various aspects of this research were supported by the Big Spring Demonstration 
and the Integrated Farm Management projects of the Energy Management Council, 
the Fertilizer Tn.lst Account of the Iowa Department of Agriculture in cooperation 
with the Iowa Fertilizer and Chemical Association, and the Leopold Center for 
Sustainable Agriculture. 
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Table 1. Coefficients of determination (R2) for the relationships between N 
concentrations in com leaves at silking and grain at harvest, and rates of N 
fertillzatlon expressed relative to economic optimum. 
R2 values 
N rates leaf grain 
lb/acre 
+ 45 0.00 0.01 
+90 0.16** 0.19•• 
+ 135 0.32•• 0 .39•• 
•• = signtftcant at P < 0.01 
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Figure 1. The relationship between com yields and concentrations of nitrate in the 
soil when com plants are 6 to 12 inches tall. 
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Figure 2. The relationship between com yields and concentrations of nitrate in the 
lower portion of comstalks shortly after physiological maturity. 
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